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Diagnosing pulmonary embolism is sometimes difficult because the signs and symptoms can be subtle, and the results of diagnostic tests are not always conclusive. Thus, the diagnosis is usually made based on the results of multiple investigations, including clinical assessment, D-dimer testing and imaging (predominantly spiral computed tomography). [3] [4] [5] After the diagnosis of pulmonary embolism is confirmed, which often happens in the emergency department, appropriate treatment must be started. Two important questions need to be answered: is there a need for admission to hospital, and for how long do patients need to take anticoagulants to minimize the risk of recurrence?
Answering these questions requires prognostic studies, which provide evidence of short-term (acute mortality) and long-term (recurrent events) risk. 6, 7 Given the availability of treatments that can be used in the outpatient setting and a growing body of literature about the safety of at-home treatment in specific groups of patients with pulmonary embolism, we anticipate this condition will be treated more and more by physicians who provide primary care (e.g., family physicians, general internists) in collaboration with relevant consultants.
In this article, we discuss the current models for predicting short-and long-term prognosis for patients with pulmonary embolism, with a focus on identifying patients at low risk of adverse outcomes. A summary of our literature review is available in Box 1. We defined short-term adverse outcomes as death caused by hemodynamic instability and shock. If death occurs, it is usually within one month of diagnosis and is often within one to two weeks. 8 Long-term adverse outcomes include recurrence of pulmonary embolism, the risk of which can be as high as 10% per year. 9 
Short-term prognosis
In the past, patients with pulmonary embolism were admitted to hospital for at least five to seven days. The length of admission was related to the mode of administration of first-line treatment, which includes intravenously administered heparin, as well as to concerns about the high risk of death. Yet with the development of lowmolecular-weight heparin (administered subcutaneously) and, more recently, novel anticoagulants that can be taken orally, 10, 11 pulmonary embolism can now be treated on an outpatient basis. In addition, we now recognize that, if treatment is started quickly, pulmonary embolism does not always follow a dramatic course of hemodynamic instability and shock with subsequent risk of death. Thus, a key question is whether it is possible to determine which patients with pulmonary embolism have a low risk of death. Identifying these patients may provide an opportunity for outpatient treatment in a primary care setting.
How can we identify patients with a low risk of death?
Several clinical prediction models have been developed to identify patients with pulmonary embolism who have a low risk of death in the short term. 12 In a prospective study involving 296 outpatients with pulmonary embolism, Wicki and colleagues identified six predictors of death (cancer, heart failure, previous deep vein thrombosis, systolic blood pressure < 100 mm Hg, arterial PaO 2 < 8 kPa, or the presence of deep vein thrombosis on ultrasound)
Managing pulmonary embolism using prognostic models: future concepts for primary care during a three-month follow-up period. 13 The resulting model, called the Geneva prediction rule, calculates a score by assigning two points each for the presence of cancer and hypotension, and one point each for all other variables. In their study group, about two-thirds of all patients had a score of two or less, which was associated with a 2% risk of adverse outcomes (repeat thrombotic event, major bleeding or death). This model relies on ultrasound findings, making it less useful in primary care, but it would be appropriate in most emergency department or hospital settings.
In contrast, the Pulmonary Embolism Severity Index (PESI) does not rely on ultrasound findings. Instead, it uses the patient's clinical history and the findings from a physical examination (Box 2). It is the most widely investigated model, with validation studies having been performed in European and North American populations. Because this model relies on items that are readily available in primary care settings, it is most suitable for use in an outpatient or primary care. The PESI model categorizes patients into five groups at different levels of adverse outcomes.
The results of 11 observational studies, (n > 20 000 patients) that used the PESI model to assess risk are summarized in Appendix 2 (available at www.cmaj .ca /lookup/ suppl/ doi:10 .1503/ cmaj .110213 /-/DC1). Using this model, 34%-56% of patients in the validation studies were classified as being at low risk (group I and II), with overall mortality of less than 2% and pulmonary embolism-specific mortality of less than 1%.
The PESI model was recently simplified to enhance its clinical applicability.
14 In the revised model, five variables have been removed. The six remaining variables in the simplified model are age greater than 80 years, history of cancer, chronic cardiopulmonary disease, pulse 110 beats/min or higher, systolic blood pressure less than 100 mm Hg, and oxygen saturation level less than 90%. Each variable has a value of one point, and patients with no points (or the absence of all predictor variables) are classified as being at low-risk of adverse outcomes. In a validation cohort study involving 7106 patients with pulmonary embolism, the simplified model identified 36% of patients as being at low risk, with an overall mortality of 1.1% (95% confidence interval [CI] 0.7%-1.5%).
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Is outpatient treatment safe for patients with pulmonary embolism? In 2008 and 2009, two systematic reviews 15, 16 were published about the safety of outpatient management of pulmonary embolism in patients at low-risk of short-term complications. The 2008 review by Janjua and colleagues was based on six observational studies, with a total of 593 outpatients. 15 The 2009 review by Squizzato and colleagues included the same six studies plus five additional observational studies, giving a total of 928 patients with pulmonary embolism. 16 The 11 included studies did not use the PESI model to identify patients at low-risk of adverse outcomes. Instead, they relied on criteria related to hemodynamic instability and hypoxia. The short-term prognosis in patients who received outpatient care was excellent: no fatal pulmonary emboli occurred during 7-10 days of follow-up. However, both reviews stressed that their results were based on small studies, some of which were of low methodologic quality (e.g., lack of standardized risk-assessment methods, different treatment Patients in group I and II are considered to be at low risk of death in the short term (< 2%). For example, a 40-year-old man with no comorbidities, no hemodynamic instability, no altered mental status, a normal temperature and an oxygen saturation level of 98% would have a PESI score of 50 points (group I). Thus, the risk of death in the short term is predicted to be low.
Box 1: Summary of the literature review
The goal of our review was to describe the available prognostic tools for treating pulmonary embolism in nonspecialized care; thus, we were interested in studies that evaluated prognostic tools available for use at this level of care. We searched MEdLINE and Embase (2001-June 2011) for English language articles using the terms "pulmonary embolism," "PESI," "Pulmonary Embolism Severity Index," "mortality," "VTE recurrence," "venous thromboembolism recurrence," and "prognosis." We searched the Cochrane database for systematic reviews. We searched the reference lists of identified studies. We also contacted experts in this area. A flowchart of our literature search is available in Appendix 1 (available at www.cmaj.ca /lookup /suppl /doi :10 .1503 /cmaj .110213/ -/dC1).
regimes in different studies, and a lack of randomized studies). Since these reviews were performed, five additional studies have been published: three observational cohort studies [17] [18] [19] and two randomized controlled trials. 20, 21 In the three observational studies, which included about 750 patients with pulmonary embolism who received outpatient care, there was only one death (because of metastatic cancer). In contrast, the trial by Otero and colleagues was stopped prematurely. 21 After randomly assigning 132 patients at low-risk of death in the short term to in-or outpatient care, there was 2.8% (95% CI 0.8%-9.6%) mortality in the first 10 days among patients who received outpatient care. There were no deaths among patients receiving inpatient care. This increased mortality, as well as the associated causes (one fatal pulmonary embolism and one fatal gastrointestinal hemorrhage) prompted the data-safety monitoring board to stop the study.
In the randomized controlled trial by Aujesky and colleagues, the PESI model was used to identify patients at low risk of death in the short term. 20 Patients at low risk and who met the inclusion criteria (e.g., absence of hypoxia, hemodynamic instability or contraindications for anticoagulant treatment) were randomly assigned to either in-or outpatient care (n = 344). The mortality rate (0.6%) was not different in either group.
The conflicting results from these two trials seem to be primarily related to the selection criteria used to identify patients at low-risk. Otero and colleagues 21 did not use a validated risk assessment tool, such as the PESI model, which was used by Aujesky and colleagues. 20 Indeed, 55% of patients were found to be suitable for outpatient care in the trial by Otero and colleagues, whereas 30% of patients received outpatient care in the trial by Aujesky and colleagues, indicating that more stringent criteria were used in the latter trial.
How can prognostic scores for short-term risk guide practice?
After the diagnosis of pulmonary embolism is confirmed, the risk of death in the short term should be assessed. Based on current evidence, the best approach is to calculate the patient's PESI score. Patients with a PESI score of 85 points or less (group I or II; Box 2) are candidates for outpatient care, provided that they do not have hypoxia, hemodynamic instability or contraindications to anticoagulant therapy. After early discharge (within 24 hours if possible) from the emergency department or hospital, patients at low risk of death in the short term can be cared for by their primary care physician. This will usually include (a) ensuring that low-molecular-weight heparin is given subcutaneously for at least five days, (b) management of international normalized ratio in patients receiving vitamin K antagonists, and (c) early recognition of possible treatment failure (i.e., recurrent pulmonary embolism or bleeding, with subsequent readmission to the hospital if needed.
Douketis and colleagues studied the determinants of treatment failure in a cohort of 1021 patients with deep vein thrombosis or pulmonary embolism. 22 During the first three months of treatment, 28 (3%) patients experienced major bleeding and 58 (6%) patients had a recurrent event while taking an anticoagulant. These treatment failures predominantly occurred during the first weeks after treatment was started: 75% (21/28) of major bleeding complications and 72% (42/58) of recurrent events occurred within three weeks. In their multivariable analysis, Douketis and colleagues found that cancer, chronic cardiovascular disease, chronic respiratory disease and other concurrent disease (renal, hepatic, gastrointestinal, neurologic, hematologic or multisystem disease) were independently associated with an increased risk of recurrent disease while receiving anticoagulant therapy. Therefore, primary care physicians should be particularly vigilant for treatment failures in patients with these conditions, especially during the first three weeks after starting treatment.
Long-term prognosis
Whereas the initial goal of starting anticoagulant treatment in patients with pulmonary embolism is minimizing the short-term risk of death, ongoing treatment should be aimed at minimizing the risk of recurrence. While receiving anticoagulant treatment, the risk of recurrence of pulmonary embolism is low (less than 1% per year 23 ). After treatment is stopped, the risk rapidly increases (especially in the first months after treatment is stopped) to as high as 10% in the first year and more than 30%-40% within five years. 24 Yet, continuing anticoagulant treatment also increases the risk of bleeding by threefold to about 1% per year from a 0.3% risk while not taking anticoagulants. 23 Currently, most guidelines (e.g., the antithrom botic and antihemolytic therapy guidelines by the American College of Chest Physicians 9 ) recommend balancing the risk of bleeding with the risk of recurrence after an initial treatment period of three to six months. Recently developed prognostic tools 25 can help physicians to objectively identify which patients have the highest risk of recurrence. These tools can also help physicians decide how long a patient with a confirmed first episode of pulmonary embolism should receive anticoagulant therapy.
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How can patients with a low risk of recurrence be identified? Prognostic indicators, such as the presence of D-dimer, can be helpful in predicting long-term prognosis for patients with pulmonary embolism. Long-term prognosis differs for patients with provoked (e.g., by a transient risk factor such as recent surgery) or an unprovoked (i.e., idiopathic or spontaneous) pulmonary embolism. A recent metaanalysis 26 showed that patients with a provoked event (defined by the authors as being related to recent surgery, immobilization, puerperium, estrogen use, major trauma or medical illness have a low risk of recurrence. The risk of recurrence has been reported to be less than 1% for provoked pulmonary embolism caused by surgical factors and about 4% for those caused by nonsurgical factors (e.g., medical illness or immobilization). 26 In contrast, patients with an unprovoked pulmonary embolism generally have a higher risk of recurrence than patients with provoked pulmonary embolism. 27 However, this group of patients is heterogeneous and can range, for example, from a woman with a first pulmonary embolism at age 34 years to a man with a first episode at 71 years. For some patients, it is unclear whether an event was provoked or not (e.g., a woman with a pulmonary embolism who is using estrogen. [28] [29] [30] Such patients can be placed in either group (provoked or unprovoked). Therefore, further risk stratification is needed in this group because of the heterogeneous patient population and uncertainty about whether an event is provoked or not.
Recent studies have suggested that D-dimer testing after three to six months of treatment can help to identify patients with unprovoked pulmonary embolism who have a low risk of recurrence (similar to the low risk of recurrence associated with provoked events). D-dimer testing is usually performed three to five weeks after stopping anticoagulation treatment. A landmark study in this area, the PROLONG study, was published in 2006. 3 1 This study randomly assigned 227 patients with unprovoked deep vein thrombosis, pulmonary embolism and elevated D-dimer levels after an initial treatment period with anticoagulants to either stop or resume anticoagulant treatment. Among patients who stopped treatment, the annualized incidence of recurrence was 11% (18 events per 120 patients), while the rate was 2% among patients who resumed treatment (3 events per 103 people).
The higher risk of recurrence among patients with unprovoked pulmonary embolism and an elevated D-dimer level was later confirmed in a meta-analysis by Verhovsek and colleagues. 32 This analysis included the PROLONG study and six additional studies involving 1888 patients.
Among patients with normal D-dimer levels after treatment (n = 981), the annual rate of recurrence of deep venous thrombosis or pulmonary embolism was 3.5% (95% CI 2.7%-4.3%).
A recent meta-analysis using individual patient data from the same seven studies confirmed the robustness of this finding. 33 The association between elevated D-dimer levels and risk of recurrence was not influenced by patient age, cut-off point of the D-dimer assay or the timing of D-dimer testing (whether in the first three weeks after stopping treatment, three to five weeks after stopping or more than five weeks after stopping). 33 The only variable that had an additional effect on the risk of recurrence was male sex, with a higher risk among men. This was later confirmed by Eichinger and colleagues, who developed (and internally validated using bootstrapping techniques) a prognostic model based on data from 929 patients with unprovoked deep vein thrombosis or pulmonary embolism (the Vienna model). 34 Male sex was included in their model, as well as the type of event (pulmonary embolism v. deep vein thrombosis) and D-dimer levels (Box 3). For patients at low risk, the expected rate of recurrent venous thromboembolism is below 5% at one year. The recurrence rate for those at moderate risk is 5%-10% at one year and the rate for those at high risk is greater than 10%. For example, a male patient with an unprovoked pulmonary embolism and a d-dimer level of about 1000 µg/L after three to six months of treatment has a Vienna score of 225. Thus, expected risk of recurrence for this patient at one year is between 5% and 10%. The REVERSE study found that male sex was an independent predictor of recurrence. 35 This study included 648 patients with unprovoked deep vein thrombosis or pulmonary embolism (600 patients completed a mean follow-up of 18 months), and the authors assessed 69 potential predictors of recurrence in a multivariable analysis. They concluded that all male patients had a high risk of recurrence, as did women with two or more of the following risk factors: hyperpigmentation, edema or redness of either leg, elevated D-dimer levels ( 250 µ/L) while taking anticoagulants, body mass index of 30 or higher, or aged 65 years or older.
Additional resources are provided in Appendix 3 (available at www.cmaj.ca /lookup /suppl /doi :10 .1503/ cmaj.110213/-/DC1).
How can prognostic indicators for longterm risk guide practice?
Prognostic indicators for the risk of recurrence can help physicians determine the optimal duration of anticoagulant treatment for patients with pulmonary embolism. In patients with provoked events, as well as patients with unprovoked events and a low risk of recurrence (as indicated by normal D-dimer levels or a low score using the Vienna or REVERSE model), the annual risk of recurrence of about 2%-4% does not outweigh the 1% per year risk of major bleeding complications associated with prolonged treatment. 36 Thus, these patients could receive treatment for a fixed duration, for example, of three to six months.
Patients with a higher risk of recurrence (e.g., those with an unprovoked event in combination with elevated D-dimer levels after treatment is stopped or a high score on the Vienna or REVERSE model) may benefit from continuing, perhaps indefinitely, anticoagulant treatment. Because prolonging treatment should be balanced with the risk of bleeding, it should only be considered for patients who have shown good tolerance and compliance to anticoagulants or who have a low risk of bleeding complications (e.g., no renal or hepatic failure, or age below an arbitrarily chosen threshold of 75 years). 27 Risk stratification helps to objectively determine the risk of recurrence. As well, it provides guidance to policy and guideline makers in deciding who should be responsible for supervising the care of patients with pulmonary embolism. Patients with a low risk of recurrence for whom a fixed duration of treatment is advocated (based on this low risk of recurrence) could safely receive treatment in a primary care setting. Patients for whom prolonged treatment is considered necessary given their high risk of recurrence could receive care entirely in a secondary care setting or in primary care with close collaboration with relevant consultants. Box 4 provides a fictional example of how prognostic models can be used in clinical practice.
Gaps in knowledge
There is ongoing research and unanswered questions remain about the use of prognostic models in pulmonary embolism. We suggest that the value of adding cardiac markers, such as brain natriuretic peptide and troponin, 37, 38 to the PESI model should be investigated. One study reported that adding troponin to the PESI model had a modest added value, 39 but such studies for brain natriuretic peptide are currently lacking.
Predicting recurrence of venous thromboembolism in patients with pulmonary embolism seems to be feasible based on the results of D-dimer testing. However, the impact of D-dimer testing on patient care has been evaluated in only one relatively small randomized controlled trial. 31 More studies, either observational or, preferably, larger randomized controlled trials, are needed. Currently three observational studies (NCT00720915,
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Box 4: Applying the results of this review in clinical practice (fictional case)
A 68-year-old woman with chronic obstructive pulmonary disease presents to a family medicine clinic with a one-day history of shortness of breath and pain on inspiration. On physical examination, no signs of an exacerbation of chronic obstructive pulmonary disease (e.g., fever, or rales or rhonchi on auscultation) are found. Her oxygen saturation is 88% on pulse oximetry, and she has tachycardia (120 beats/min) with a systolic blood pressure of 120 mm Hg. Because pulmonary embolism cannot be ruled out, she is referred to the emergency department for further assessment. Spiral computed tomography confirms the presence of pulmonary embolism, and anticoagulant treatment is started. Should she be admitted to hospital? For how long should she be given anticoagulants? Using the PESI model, this patient has a score of 118 (68 points for age, 10 for history of chronic lung disease, 20 for tachycardia and 20 for lowered oxygen saturation level). She is thus in PESI group IV, and should be admitted to hospital for treatment, given her elevated risk of death. However, if she had no history of COPd, no lowered oxygen saturation and no tachycardia, her PESI score would be 68 points (for age). This patient would be in PESI group II, and she would be a candidate for outpatient treatment of pulmonary embolism, supervised by her primary care physician.
After taking anticoagulants for six months, the patient's risk of long-term recurrence can be assessed via d-dimer testing four weeks after stopping anticoagulants. According to the Vienna model, if her d-dimer level is around 1000 µg/L, the predicted risk of recurrence is about 5% in the first year (score of 180 = moderate risk). If, however, her d-dimer level is 250 µg/L, the risk is predicted to be around 3% (score of 120 = low risk). If she has good tolerance and compliance with anticoagulant treatment and is found to be at high risk, long-term treatment might be warranted. In contrast, if her risk is predicted to be low, she may be a candidate for stopping anticoagulant treatment.
If the patient has an elevated d-dimer level, collaboration with a thrombosis specialist can be sought to balance the increased risk of recurrent pulmonary embolism with the increased risk of bleeding associated with long-term anticoagulant treatment. If a decision is made to continue anticoagulant treatment indefinitely, the risks should be reassessed yearly.
NCT00954395 and NCT00967304) and one randomized controlled trial (NTR2680) are recruiting patients. In addition, the impact of patient sex and type of venous thromboembolism (as included in the Vienna model) on the results of D-dimer testing should be further investigated. Finally, the applicability and validity of using both the PESI and Vienna models in primary care should be further investigated. Additional details of ongoing research and knowledge gaps are presented in Appendix 4 (available at www.cmaj .ca /lookup /suppl/ doi :10.1503/cmaj. 110213/-/DC1).
